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HISTORICAL. 
Claude Bernard  1 was the first  to study the elimination of sugars after intra- 
venous administration.  He,  as well as others,  2 demonstrated that  dextrose, lac- 
tose, or saccharose, when thus injected in large quantity, is eliminated in the urine. 
Although working only qualitatively, he  s realized that dextrose was better assimi- 
lated  under these  circumstances than saccharose or lactose.  The time relations 
were worked out, particularly by von Becket, who found after injecting 1.5 gm. 
of dextrose into rabbits  that  sugar elimination by the kidneys began promptly 
and  continued  for  5  or  6  hours.  Limpert  and  Falck  4  did  the  first  quanti- 
tative work.  Dogs of 5 or 6 kilos when given 5 to 7 gm. of dextrose intravenously 
excreted  only traces  in  the  urine.  Larger  amounts  led  to  a  slightly  increased 
excretion.  Thus it was shown early that after intravenous injection fairly large 
amounts  of  dextrose  can  be  retained.  The  proportion  excreted  in  the  urine, 
according to yon Brasol  5 and others  6 bears  no constant relation  to the injected 
dextrose;  nor can the duration of the glycosuria be predicted.  Von Brasol also 
found that  the degree and duration of glycosuria were not always the same for 
1 Bernard,  C.,  Dissertation,  Neue  Funktion  der  Leber  als  zuckerbereitendes 
Organ des Menschen und der Thiere, Wtirzburg, 1853. 
2 Kersting,  Jour.  f.  prakt.  Chem., 1844,  xxxiii,  58.  Baumert,  M.,  .Tour. f. 
prakt. Chem., 1851,  liv,  357.  Uhle, Inaugural Dissertation, Leipzig, 1852.  von 
Becker,  F. J., Ztschr. f. wissensch. Zool., 1854,  v,  123.  All quoted by Limpert, 
L.,  and  Falck,  C.  P.,  Virchows Arch. f. path. Anat., 1856, ix, 56. 
Bernard, C., Compt. rend. Acad., 1846, xxii, 536. 
4 Limpert, L., and Falck, C. P., Virchows  Arch.f. path. Anat., 1856, ix, 56. 
von Brasol, L., Arch.f. Physiol., 1884, 211. 
6 Pavy, F. W., Jour.  Physiol.,  1899, xxiv, 479.  Weyert, F., Arch. f. Physiol., 
1891,  187.  Lilienfeld,  C., Ztschr. f.  ditUet, u.  physik.  Therap., 1898-99, ii,  209. 
Wilenko,  G.  G., Arch. f. exper. Path. u. Pharm.,  1911,  lxvi, 143.  Bang, I., Der 
Blutzucker, Wiesbaden, 1913, 76. 
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a  given animal.  Gilbert and  Carnot, 7 however, maintained that within certain 
limits the proportion of sugar eliminated is constant for each animal, and Blu- 
menthal  8 found  that  the  "assimilation limit;"  i.e.,  the  amount  which  can  be 
injected intravenously without  causing  glycosuria, is practically invariable for 
each individual.  The velocity of injection plays a  part, for Doyon and Dufourt 9 
found that more is excreted after rapid than after slow injection.  According to 
them, age, state of nutrition, ligation of the bile duct, and administration of alco- 
hol are apparently without influence.  Bang  t° has shown that the glycosuria and 
glycemia do not run parallel.  The concentration of the injected sugar probably 
plays a  part,  for Wilenko  n  states that  concentrated dextrose solutions  (40  per 
cent) produce the same changes in renal permeability as concentrated salt solu- 
tions; that is, first an increased and then a decreased permeability for sugar. 
During  the  injection of dextrose  the  blood sugar  rises and  afterwards  falls, 
until it finally assumes a normal or subnormal figure.  Von Brasol  5 injected from 
0.9  to 5.3  gm.  per kilo of body weight in 4  to  6  minutes.  Analysis indicated 
that in the first 2 minutes following the injection some of the sugar had already 
left the blood; but no direct ratio existed between the amount  injected and  the 
blood sugar percentage.  After 2 hours the sugar content of the blood was usually 
normal; with smaller doses  (0.9 and 2.3  gm. per kilo) this level was sometimes 
reached in 1 hour.  Butte 12 injected 3 to 10 gm. of dextrose per kilo intravenously 
and noted the rapid fall of blood sugar to or nearly to the normal level.  With 
4 gm.  per kilo for example, the percentage of sugar in the blood 1 ~ hours after 
the injection was 0.353  per cent, and 2 hours after, 0.220 per cent.  In no case 
did he find a  subnormal figure as did GrShant  13 who found 0.036 per cent blood 
dextrose 2 hours after an injection of 6 gin. of dextrose per kilo.  Pavy  14 found 
in  rabbits that  the blood sugar fell rapidly after an  intravenous injection; for 
example, immediately after 4 gin. per kilo had been injected, the blood contained 
1.4 per cent sugar; 5 minutes after, 1 per cent; and 15 minutes after, 0.8 per cent. 
L~pine  15 found that after the injection of 1 gm. of dextrose per kilo slowly into 
dogs, the blood sugar fell in the course of an hour below 0.1 per cent.  Bang  16 in- 
jected  1  to  2  gm.  per kilo intravenously and  found  that  the  maximum  blood 
sugar was reached 2 to 5  minutes after the injection and that the high percentage 
was maintained for about 30 minutes, after which a rapid fall to normal or below 
Gilbert and Carnot, Compt. rend. Soc. de biol., 1898, v, 330. 
8 Blumenthal, F., Beitr. z. chem. Phys. u. Path., 1905, vi, 329. 
9 Doyon, M., and Dufourt, E., Jour. de physiol, et de path. ggn., 1901, iii, 703. 
to Bang, I., Der Blutzucker, Wiesbaden, 1913, 77. 
it Wilenko, G. G., Arch.f. exper. Path. u. Pharm., 1911, lxvi, 143. 
t~ Butte, L., Compt.  rend.  Soc. de biol., 1896, iii, 274. 
tz Gr~hant, quoted by Butte, L., Compt. rend. Soc. de biol., 1896, iii, 274. 
t4 Pavy, F. W., Jour. Physiol.,  1899, xxiv, 479. 
t5 L6pine, R., Le diab~te sucre, Paris, 1909, 200. 
t6 Bang, I., Der Blutzucker, Wiesbaden, 1913, 74. ISRAEL  S.  KLEINER  509 
took place.  Using animals with ligated ureters, Weyert  17 found that  after the 
injection of 4.4 to 5.8 gin. of dextrose per kilo, the blood sugar was down to nearly 
normal limits in 3  hours, and Harley  18 found that with a  dosage of 10 gin. per 
kilo, the blood sugar fell to normal in from 3 to 6 hours. 
Weyert  17 records that the sugar concentration of the lymph runs close to that 
of the blood.  He also found traces of sugar in the  cerebrospinal fluid  and  in 
the vitreous humor of the eye.  None  can be found in the saliva except after 
very large doses,  9, Jr, 19 nor is an appreciable amount secreted by the intestine  9'2°' 21 
or by the wall of the urinary bladder,  s~ 
The possibility of the conversion of injected dextrose into glycogen must,  of 
course,  be  considered.  Voit  2s injected subcutaneously 50 gin.  of dextrose into 
three rabbits and found in the liver only 1.4, 2.2, and 7.0 gm. of glycogen, respec- 
tively, showing that sugar is not as readily converted into glycogen by the liver 
when injected parenterally as when fed.  Harley  ts after injecting 10 gin. of dex- 
trose per kilo intravenously into dogs with the ureters tied, found some slight 
evidence of glycogen formation.  Freund and Popper  ~4 analyzed a  lobe of liver 
before injecting dextrose intravenously and the rest of the liver afterwards, and 
found a  small increase in liver glycogen, which was greater if the animals had 
previously been  starved for  a  short  time.  With  starved  dogs 4  gm.  per kilo 
gave no increase in glycogen, but 7 to 11 gm. per kilo resulted in the formation 
of 1.3  to 7 gm. of glycogen. 
Inasmuch as the injected sugar is accounted for only in small part by glycogen 
and by the various secretions, the blood at the same time rapidly assuming its nor- 
mal content of sugar, the question naturally arises: What is the fate of the rest of 
the sugar?  In seeking to  answer this question, various facts have been brought 
out.  Von Brasol  5  injected 12  to  18 gin. of dextrose per kilo intravenously into 
rabbits in 30 to 45  minutes and then analyzed the blood, the urine, and mixed 
samples of muscle, kidney, and liver.  Estimating the relation of blood to body 
weight even as high as 12 per cent and even assuming that all the tissues, includ- 
ing bones,  hair,  etc.,  contained  the  same proportion of dextrose as the  tissues 
analyzed, he calculated that from 17.5 to 28.7 per cent of the sugar administered, 
was still to be accounted for.  Von Brasol did not determine glycogen or other 
substances; in fact he suggests that the missing fraction has been converted into 
glycogen, or lactic acid or some other substance.  Butte  t~ made muscle analyses 
after injecting intravenously 4  gm.  of dextrose per kilo into a  dog.  Assuming 
17 Weyert, F., Arch. f. Physiol., 1891,  187. 
18 Harley, V., Arch. f. Physiol., 1893,  Supplement, 46. 
t9 Jappelli, A., Ztschr. f. Biol., 1908, li, 435. 
20 Bang, I., Der Blutzucker, Wiesbaden, 1913, 80. 
21Kleiner, I. S., Jour. Exper. Med.,  1911,  xiv, 274. 
Kleiner, I. S., Jour. Exper. Meal., 1913, xviii, 310. 
~.3 Volt, C., Ztschr. f. Biol., 1891,  xxviii, 245. 
~4 Freund, E., and Popper, H., Biochem. Ztschr.,  1912, xli, 56. 510  DISAPPEARANCE  OF  DEXTROSE  FROM  THE  BLOOD 
that the muscle contained no sugar before the injection, he noted a  rise to 0.42 
per cent half an hour after the injection and then a  progressive fall in the per- 
centage  of dextrose.  This  demonstrates,  according to  Butte,  that  one  part of 
the injected sugar is transformed in certain organs, although he does not mention 
the likelihood of bacterial action in a dead animal.  In two experiments on rabbits 
Bang  2° analyzed the  liver, skin,  blood and lymph,  kidneys and  urine,  muscles, 
intestines, and bones for free dextrose after injecting 4  gm.  intravenously into 
each animal.  The total amount recovered was 47.9 and 75.5 per cent, respectively. 
But, according to Bang, even  these  figures are  too high  because  (a)  preformed 
sugar was not determined, (b)  the tissues were not blood-free and  hence  blood 
sugar was counted twice, and (e)  all reduction was not necessarily due to sugar. 
The  rapid  transformation  of  dextrose  into  simpler  substances,  particularly 
lactic acid,  has  been  suggested  by  many  investigators.  Apparently the  only 
one who actually tested for lactic acid after intravenous injections of dextrose was 
HarleyJ  s  He found a higher percentage of lactic acid in the blood after dextrose 
injections into animals with the ureters tied, and also an increase in this substance 
in  the  liver and  muscle.  He  also  obtained  qualitative tests for  ethyl  alcohol 
and acetone in the blood.  Although some workers have brought forth evidence 
in favor of a protein origin for lactic acid, there seems to be no doubt that it can 
be formed from  sugar.  For example,  Embden  and  his  collaborators  ~5 by per- 
fusing livers with blood found that the liver could form lactic acid from glycogen 
in the liver or dextrose in the blood.  More recently Levene  and Meyer  28 have 
observed a direct conversion of sugar into lactic acid by leukocytes. 
An  increase in  the  respiratory quotient after intravenous dextrose injections 
has been observed by Harley,  ST Verz~r and Fej6r,  2s and others. 
The following points appear, therefore, to be established: (1)  The intravenous 
injection of large quantities of dextrose is followed by an increase in the percentage 
of sugar in the blood.  (2)  The high content  of sugar in the blood falls rapidly 
after the end of the injection and assumes the normal value in a  comparatively 
short time, even when the ureters are tied.  (3)  The kidneys eliminate a consider- 
able, but variable, fraction of the injected sugar.  (4)  No sugar, or mere traces 
are to be found in the cerebrospinal fluid, saliva, intestinal secretions, or in the 
secretion of the mucosa of the urinary bladder.  (5)  An increase of glycogen in 
the liver occurs with very large doses, but it accounts for only a  small fraction 
of the sugar injected.  (6)  Tissue analyses, although few in number,  show that 
some of the sugar is to be found unaltered in various organs.  (7)  Some of the 
sugar is oxidized, or at least the respiratory quotient is increased. 
Embden,  G.,  Centralbl.  f.  Physiol.,  1904-05,  xviii, 832.  Embden,  G.,  and 
Kraus,  F., Biochem. Ztschr., 1912, xlv, 1. 
26 Levene, P. A., and Meyer, G. M., Jour. Biol. Chem., 1912, xi, 361. 
2~ Harley, V., .Tour. Physiol., 1894, xv, 139. 
2s Verz~r, F., and von Fej6r, A., Biochem. Ztschr.,  1913, liii, 146. ISRAEL  S.  KLEINER  511 
The  chief  purpose  of  the  present  work  was  to  study  the  disap- 
pearance of sugar from the blood under various conditions.  In order 
to obtain a basis of comparison a  series of experiments was first carried 
out in which  dextrose was injected into  normal  animals. 
EXPERIMENTAL  PART.  29 
The experiments were performed on dogs.  Ether was administered by intra- 
tracheal insufflation, and cannulas were inserted in the left jugular vein, the right 
carotid artery, and the neck of the urinary bladder.  In a few of the later experi- 
ments only morphine and cocaine were employed as anesthetics.  In the experi- 
ments in which the kidneys were ligated, they were reached  through the lumbar 
region.  At the completion of all operative work, the animal was given morphine, 
usually 0.01  gm.  per kilo, subcutaneously, and then the insufftation  and  ether 
anesthesia were discontinued.  After 1½ to 21 hours a sample of blood was taken 
from the artery, and a warm solution of 20 per cent dextrose was injected slowly 
into the jugular vein.  The rate of injection was about 2.5  to 3  cc. per minute 
and  the  dosage was 4  gm.  per kilo of body weight.  At the middle and end of 
the injection and at intervals thereafter, samples of blood (from  10  to 30 gin.) 
were taken for analysis.  Urine elimination was divided  into periods corresponding 
to the blood samples taken.  During the experiment the animal was kept on an 
electric thermal pad and at the end of the experiment it was chloroformed. 
The blood was analyzed for dextrose by removing the protein by Reid's method,  8° 
and the reduction was determined  by  means of  a  Pavy  31  solution.  The  urine 
29 A preliminary report of this work was published by Kleiner, I. S., and Melt- 
zer, S. J., Am. Jour. Physiol.,  1914, xxxiii, p. xvii. 
30 Reid, E. W., Jour. Physiol.,  1896, xx, 316.  Vosburgh, C. H., and Richards, 
A. N., Am. Jour. Physiol.,  1903,  ix, 35.  Macleod, J.  J.  R., Jour. Biol.  Chem., 
1908-09, v, 443. 
31 The reagent used was modified from time to  time.  Vernon  (Jour.  Physiol. 
1902,  xxviii, 156)  suggested  the use  of  twice as much Rochelle salt, potassium 
hydroxide, and  ammonium  hydroxide  as  Pavy  originally employed.  As  this 
results in the formation of a  heavy crystalline deposit in the reagent on stand- 
ing,  we have  decreased ~the amount  of Rochelle salt and  potassium hydroxide. 
The resulting solution, which deposits very little precipitate, gives good results. 
The composition of the solution, as we now prepare it, is: 
CuSO4  4.158 gm. 
Rochelle salt  14  " 
KOH  17  " 
NH4OH  (sp. gr. 0.88)  600 cc. 
H~O to  1,000  " 
10 cc. of this solution corresponds to 0.005 gm. dextrose, but one should determine 
the exact equivalent every time the reagent i.~ made up, and this should be checked 
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was also analyzed by the Pavy method.  Although this method is not as accurate 
as some of the other sugar methods, its rapidity, and the fact that a number of 
determinations can be made from a  small quantity of a  given solution (as each 
test requires only 5 mg. of dextrose), led us to use it in this investigation.  In 
some  experiments, however,  the  Bertrand  method  was  used  to  determine the 
reducing power of the blood after removal of the proteins, and in a  few  of the 
experiments we have used the blood sugar method of Lewis and Benedict as modi- 
fied by Myers and Bailey,  32 which we have recently adopted for use in this labora- 
tory.  With this method only 2 cc. of blood is required. 
Normal Animals. 
The first dextrose  injections were  given to  seven normal animals. 
The following is a  typical protocol. 
Experiment LD 5.--White bull terrier, female; weight 6.5 kilos. 
11.00.  Etherized.  Intratracheal  insufflation  begun  and  ether  anesthesia 
continued by this method.  Cannulas now inserted in the left jugular vein, left 
carotid artery, and in the neck of the bladder. 
11.51.  Urine obtained from bladder; 1.69 per cent dextrose. 
11.56.  Ether discontinued. 
12.02.  6.5 cc.  1 per cent morphine sulphate injected subcutaneously. 
12.13.  Insufflation discontinued. 
2.07.  Blood taken, 22.3 gm.; 0.28 per cent dextrose. 
2.09.  Urine, 77 cc. +  (about 5 cc. lost), 8.84 per cent =  6.81 gin. dextrose. 
2.10.  Injection  of warm 20 per cent dextrose solution into jugular vein started. 
2.34.  Blood  taken,  9.5  gm.,  0.'68 per  cent  (67 cc. of  dextrose  have  been 
injected). 
2.36.  Urine, 40 cc., 6.84  per cent  =  2.74  gm.  (70  cc.  of dextrose have been 
injected). 
2.56.  Dextrose  injection ends.  Total  amount injected  130  cc.,  or  26  gin. 
in 46 minutes. 
2.57.  Blood taken, 10.0 gin., 0.93 per cent. 
2.58.  Urine, 81 cc., 5.50 per cent -- 4.46 gm. 
3.27.  Blood taken, 16.6 gm., 0.40 per cent. 
3.28.  Urine, 51 cc., 7.32 per cent =  3.73 gm. 
3.57.  Blood taken, 17.9 gm., 0.30 per cent. 
3.58.  Urine, 11.5 cc.,  10.6 per cent  =  1.22 gin. 
4.27.  Blood taken, 21.3 gin., 0.28 per cent. 
4.29.  Urine, 3.2  cc.,  8.59  per cent  =  0.28 gin. 
33 Lewis,  R. C., and Benedict, S. R., Jour. Biol.  Chem., 1915, xx, 61.  Myers, 
V. C.,  and  Bailey, C. V., Post-Graduate,  1915, xxx,  31; Jour.  Biol.  Chem.,  1916, 
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Summary.--1½ hours after the end of the dextrose injection the blood sugar fell 
to its original level of 0.28 per cent. 
ffm. 
Dextrose injected ..........................................  26.0 
Excess dextrose (above original value) in circulating blood at end 
of experiment  ..........................................  0.00 
Dextrose contained in blood samples taken for analysis  .........  0.13 
Dextrose in urine  ...........................................  12.43 
Dextrose accounted for .....................................  12.56 
(or 48.5 per cent of the amount injected) 
Dextrose not  accounted for  ..................................  13.44 
(or 51.5 per cent of the amount injected) 
The results of the seven experiments are given in Table I. 
Considering first the glycemia, it is seen that in five out of seven 
experiments,  the  original  blood  sugar  was  high.  This  was  to  be 
expected, as the animals had been subjected to  being tied down, to 
anesthesia  (ether  and  morphine),  and  to  operative  procedure,  all 
of which are known to raise the blood sugar.  ~3  An initial rapid rise 
in the blood sugar during the injection is indicated in each case by 
the figures for the beginning and middle of the injectiou.  Then  a 
more gradual rise occurred until the end of the injection, after which 
the percentage of blood sugar fell rapidly for half an hour and then 
more slowly.  At the end of 1½ hours the percentage of sugar in the 
blood fell to its original level in three experiments (Experiments 3, 5, 
and 46)  and nearly to its original level in two others (Experiments 6 
and 7).  In the two remaining experiments (4 and 47)  the last figures 
were twice as great as the first.  However, in one of these two (Ex- 
periment  47)  the  last  percentage  found  was,  nevertheless,  a  low 
figure when compared with the rest of the series.  In other words, 
in only one of the seven experiments did the blood sugar fail to fall 
to what might be termed a low figure for this series. 
In Experiments LD 4, 5, and 6, and LP 46, the urine secreted dur- 
ing  the  injection  contained  more  sugar  than  that  secreted  during 
the  90  minute after-period.  This was  due  to  a  greater  volume of 
urine being secreted at first rather than a higher percentage of sugar. 
as For a discussion of these points see Shaffer, P. A., Jour. Biol.  Chem., 1914, 
xix, 297.  Loewy,  A., and Rosenberg, S., Biochem. Ztschr., 1913, lvi, 114.  Hirsch, 
E., and Reinbach, H., Ztschr. f. physiol. Chem., 1914, xci, 292. ,-4 
tm 
~0 
° ~.-.-.-. 
t~ 
b.. 
-po'~z,a.fu! ]unoua~  (e'~o~. jo 
~.ua3 .ta d  -out.m pu~ poolq 
.~q .to,, po'~und2o~ ~,ou  .r~n S 
o 
o~ 
"p~,'].:)a  fm 
~o  ~  o~ 
•  au!.m jo amn[o,,, l'e:lO,L  ~  ~  ~:~ 
~  A.~. ~° 
"amnl°A  ~  cq 
-.n~ns poolf  ~  ~  ,~ 
.o 
d 
•  amnlo  A  .~  ~  .,...~ oo 
•  a~ns poolA  ~  o  o 
d 
d 
o 
°. 
N 
"amnI°A  ~  o 
•  a~ns poola  ~' "~  ~  ~  ~  ~  ~ 
•  ~  poot~ ~  ~ ~ ~ ~ ~ ~ ~ 
o 
m 
"o~OA  ~  o~.~ 
•  uo!~aa.~u!aaojoqz~XnspooI ff  ~'~  ~  ~  ~  ~  ~  ~  ~. 
~oooo~ 
co~  • 
~.~ ~-~ 
< 
514 
to 
~6 
eD 
tm 
< 
~.r.jz 
~J 
> 
.+-+ 
~J 
> 
q= 
txO 
0J 
> 
< 
+- 
& 
0J 
0 
© 
¢t. ISRAEL  S.  KLEINER  515 
Indeed,  the  urine  of  the  after-period  was  usually  of  a  higher  con- 
centration,  and  in  Experiment  LP 47  this  was  sufficient  to  cause a 
greater  excretion  of  sugar  in  the  after-period  than  in  the  injection 
period. 
The  small flow of urine in Experiment  LD 3 was probably due to 
over-etherization.  Excluding  this  experiment,  the  average  amount 
found  in  the  urine  was  60.2  per  cent  of  the  sugar injected.  If we 
now estimate the excess sugar still circulating in the blood (calculating 
the blood equal to 7 per cent of the body weight) and add this blood 
sugar to the urinary sugar, we have an average of 62.2 per cent of the 
injected  amount,  leaving  37.8  per  cent  not  accounted  for.  If  we 
include Experiment LD 3,  this average is raised to 46.3 per cent not 
accounted for. 
It thus  appears  from our own experiments on normal animals that 
approximately 60.2 per cent of the sugar was excreted by the kidneys, 
while of the remaining  39.8 per cent only an insignificant  fraction  (2 
per cent on an average)  remained in the circulation. 
Nephrectomized Animals. 
In one of our experiments  on normal  animals  (Experiment  LD 3) 
there occurred,  as mentioned  above, an almost complete suppression 
of the kidney function during  and  after  the intravenous  infusion  of 
dextrose.  Nevertheless,  the  blood  sugar  returned  to  its  original 
value  as  quickly as  in  the  other  experiments.  We now performed 
some experiments  upon  animals  after ligating  or removing the  kid- 
neys.  The results of five experiments  are summarized in Table II. 
The following is a  typical protocol. 
Experiment LD 33.--Fox-terrier, male; weight 6.75 kilos. 
10.18.  Etherized.  Intratracheal  insuffiation  begun  and  ether anesthesia 
continued  by  this  method.  The  kidneys  were  now  exposed  and  ligated  and 
cannulas inserted in left jugular vein and right carotid artery. 
11.15. 
11.26. 
11.27. 
11.31. 
11.33. 
12.27. 
Ether discontinued. 
Lid reflex present. 
Blood taken,  11.6  gm., 0.28  per cent. 
Insufltation discontinued. 
1 cc.  1 per cent morphine sulphate injected intramuscularly. 
Blood taken, 11.35  gin., 0.27 per cent. 516  DISAPPEARANCE  OF  DEXTROSE  FROM  THE  BLOOD 
12.28.  Injection  of  warm  20  per  cent  dextrose  solution  into  jugular  vein 
started. 
1.22.  Dextrose injection ended.  Total amount introduced,  135  cc. or 27 gm. 
in 54 minutes. 
1.23.  Blood taken,  11.9 gm.,  1.08 per cent. 
1.29.  0.5 cc.  1 per cent morphine sulphate injected intramuscularly. 
1.54.  Blood taken,  11.5 gm., 0.69 per cent. 
2.24.  Blood taken,  14.9 gin., 0.40 per cent. 
2.54.  Blood taken, 15.95 gin., 0.32 per cent. 
Summary.--1½ hours after the end of the injection the blood sugar fell to 0.32 
per cent; i.e., only 0.05 above its original level of 0.27 per cent. 
gra. 
Dextrose injected ..........................................  27.0 
Excess dextrose (above original value) in circulating blood at end 
of experiment ....................................  about  0.27 
Dextrose contained in blood samples taken for analysis ....  about  0.17 
Total dextrose thus accounted for ............................  0.44 
(or 1.7 per cent of  the  amount injected) 
Dextrose not  accounted  for .................................  26.56 
(or 98.3  per cent  of the amount  injected) 
TABLE  II. 
Intravenous  Injection  of Dextrose into Nephrectomized Dogs. 
No. of experi- 
ment. 
LD 32 
LD 33 
LD 34 .., 
LP 48* ...... 
LP 49* ...... 
~verage ..... 
Dextrose 
injected 
(4 gin. per 
kilo). 
g~.  CC. 
11.0  55 
27.0  135 
42.0  210 
• i 43.4  217 
.1  37.0  185 
Blood sugar 
before injection. 
Before  After 
mor-  mor- 
phine,  phine. 
per ~ent  per cent 
0.47 
.~  =.~  ~.~ 
~,.~  ~'.~  ~.~ 
~.~  .~  ~ ~ 
percent  percent  per cenl 
1.09  0.93  0.70 
~o  ~o  oo~  •  c;c;~ 
~.~  ~  ~  o 
~.~  ~"  i o~ 
per cent  per cent  , per eem 
0.45  100 
0.28  0.27  1.08 
0.30  0.35  1.0 
0.10  0.62 
0.28  1.03 
0.29  0.96 
0.69  0.40 
0.55 
0.32  98A 
0.46  0.29  99.t 
0.13  99A 
0.27  100 
0.295  99A 
* In these  two experiments  the kidneys  were  exposed  and  prepared  for liga- 
tion under  ether  anesthesia,  but  they were not  actually ligated until  the effects 
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In  these  animals  the blood sugar  rises  to  a  higher  level, but this 
is not as great as might be expected.  In the normal dogs the average 
figures were 0.19 before injection  and 0.77 at the end,  a  rise of 0.58 
per  cent;  in  the  nephrectomized  animals  the  corresponding  figures 
are 0.29 and 0.96,  a  rise of 0.67 per cent; hence there is a  difference 
between the  two series  of only 0.09  per  cent.  If we now  estimate 
from this figure how much more sugar there is circulating in the blood 
in this series, we find that it amounts to less than  1 gin.  Therefore 
during  the  injection  the  organism  without  the  kidney has  been  en- 
abled to rid its blood of nearly as  much  sugar as if it had its renal 
function intact.  After  the  discontinuation  of  the  injection  the  fall 
in the glycemia is most rapid during the first hour and then becomes 
slower.  In Experiments LD 33, LD 34, LP 48, and LP 49 the blood 
sugar is either at its original  level or only slightly higher  at  the end 
of 1½ hours, and in Experiments LD 32 and 34 the figures for 2 hours 
show that  by this  time  the  blood sugar  has  fallen  to  or below this 
value.  In Experiment 32 no sample was taken at the end of 1½ hours, 
but the  average for the other four experiments for this time was 0.30 
per cent, while the average before injection was 0.25 per cent in the 
same four. 
It is  thus  evident  that  after  an  intravenous  injection  of dextrose 
the blood sugar does not rise much higher in nephrectomized animals 
than in normal animals, and after injection gradually falls to or nearly 
to  its  original  level.  This  indicates,  of  course,  that  practically  all 
the injected sugar has left the blood stream;  and  that  therefore  the 
body is  able  to  dispose  of large  amounts  of injected  dextrose  even 
without  the  assistance  of  the  kidneys.  Furthermore,  the  fact  that 
this  was accomplished  in  the  same  length  of time  as in  the  normal 
series,  the  dosage  and  other  experimental  conditions  remaining  the 
same,  shows  that  the  presence  or  absence  of  the  kidney  has  very 
little influence on the rate of disappearance of dextrose from the blood. 
The obvious explanation which offers itself at first thought is that 
the greater part of the injected sugar is rapidly converted into glyco- 
gen by the liver.  We have performed some experiments which were 
designed to exclude this possibility.  Dextrose was injected into dogs 
in  which  there was practically no  circulation  posterior  to  the  dia- 
phragm.  Animals  can easily be prepared in this manner  since, with 518  DISAPPEARANCE  OF  DEXTROSE  FROM  THE  BLOOD 
the  aid of intratracheal  insufftation,  the  thorax  can  be  opened  and 
the aorta and vena  cava inferior  tied  near the diaphragm  with great 
facility. 
Animals with a Circulation only Anterior to the Diaphragm. 
The animals were prepared as follows: An opening was made in the left side 
of  the  thorax  (under  intratracheal  insufflation  anesthesia)  and  the  aorta  and 
vena cava were ligated as near the diaphragm as possible.  The aorta was ligated 
first, and before ligating the vena cava, pressure was applied to the abdomen in 
order to  increase the  amount  of blood in  the  thorax.  In  some  cases Ringer's 
solution or saline, in others adrenalin, or both, were injected to maintain the blood 
pressure.  These animals,  then,  had  no  abdominal  circulation; the  liver could 
store  no  glycogen;  the  kidneys,  pancreas,  and  adrenals,  could  not  function. 
Into such animals, we injected dextrose as before and estimated the glycemia at 
intervals.  Some  experiments  were  complicated by  such variations as removal 
of the thyroids, tying the thoracic duct,  etc.  These additional factors exerted 
no appreciable influence on the results, and we shall not deal with  them  in  par- 
ticular.  Some of the experiments are summarized in Table III. 
A  typical experiment of this series is the following: 
Experiment LD 30.--Dog; weight  7.5  kilos. 
1.40.  Etherized.  Intratracheal insufftation begun and ether anesthesia con- 
tinued by this  method.  Cannulas  now  inserted in left jugular vein  and  right 
carotid artery.  Thoracic duct exposed.  Opening  made in left  side of  thorax 
and aorta tied near diaphragm.  After pressure on the abdomen the vena cava 
inferior was tied near diaphragm. 
2.43.  Wound in thorax closed. 
2.44.  Ether discontinued. 
2.46.  Thoracic duct tied. 
2.47.  Blood taken, 10.9 gin., 0.07 per cent. 
2.48-2.50.  40 cc. warm sterile Ringer's solution injected in left jugular  vein. 
3.04-3.05.  20 cc. Ringer's solution injected. 
3.18.  10 cc. Ringer's solution injected. 
3.23.  Pulse poor.  Dog restless.  20 cc. Ringer's solution injected. 
3.31-3.32.  20 cc. Ringer's solution injected.  (Total quantity Ringer's solution 
injected, 110 cc. during 44 minutes). 
3.40.  1 cc. 1 per cent morphine injected intramuscularly in left fore-leg. 
3.49.  Blood taken, 10.8 gin., 0.05 per cent. 
3.50.  Injection of warm 20 per cent dextrose in left jugular vein started. 
4.30.  Dextrose  injection  ended.  Total  amount  injected,  150  cc.  20  per 
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4.32.  Blood taken, 14.7 gm.,  1.65 per cent. 
4.48.  Pulse good. 
5.27.  Blood taken, 22.6 gin.,  1.16 per cent. 
Summary.--Estimated  weight of anterior part of animal; i.e., 
one half of total body weight ..........................  3,750 grn. 
Quantity of blood circulating (7 per cent of weight) ......  262  cc. 
Fluid injected ........................................  260  " 
522  " 
Blood  samples  taken  for  analysis ...............  about  39  " 
Total circulating fluid ...........................  about  483  " 
Excess dextrose circulating ((1.16-0.05 per cent ) × 483 cc.)  5.36 gm 
Dextrose in blood samples taken .......................  0.26  " 
Total dextrose accounted for ......................  about  5.62  " 
Dextrose injected ....................................  30  " 
Amount of dextrose not accounted for, 24.4 gin. or 81 per 
cent of the quantity injected. 
The  interpretation  of  these  figures  is  made  difficult  by  several 
complications.  As we injected the same  amount of dextrose  (4 gin. 
per  kilo)  as  in  the  first  two  series,  the  dosage  of  dextrose per  kilo 
was  manifestly higher in  these  experiments  since  the posterior part 
of  the  body  was  not  fed  by  the  circulation.  Exactly  how  much 
higher cannot be said  definitely, but probably the remaining circula- 
tion received about twice  as  much  dextrose per kilo as in the experi- 
ments  on  the  entire  animal.  The infusion  of Ringer's  solution  and 
the occasional use  of adrenalin  also make  these experiments not  en- 
tirely comparable with the others.  However, the first blood sample 
was  always  taken  after  injection  of  Ringer's  solution  or  adrenalin, 
so that a  comparable initial glycemia was always ascertained. 
In these experiments the blood sugar rose greatly; at the end of the 
injection it reached from 1.35 to 2.41 per cent, an average of 1.93 per 
cent for eleven experiments.  In  considering these figures it must  be 
remembered  that, as  stated  above, the  dose of  sugar  per volume of 
circulating blood was  about  twice as high  as in the other two series. 
In  every experiment  there was  a  rapid  fall in  the  blood sugar  after 
the  injection  had  been  finished.  Since  the  samples  of  blood  were 
not always taken at the same intervals, it becomes necessary to study 
the  experiments  in  groups.  In  Experiments  55,  56,  and  57  the b~o 
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average percentage  of sugar in  the blood at the end of the injection 
was  1.83  per  cent,  and  a  half  hour  later  the  average  was  1.37  per 
cent--a  fall  of 0.46  per  cent in  half  an  hour.  In  Experiments  18, 
20,  21,  28,  30,  31,  and  35,  the  blood sugar  fell from  an  average  of 
2.00 per cent at the end of the injection to  1.34 per cent in an hour; 
in  Experiment  57  the  fall  continued  steadily  from  1.73  to  1.38  in 
half an hour,  and to 0.82 per cent in  1½ hours.  In Experiment  35 a 
drop  in  the  blood sugar  from  1.81  to  1.34 per cent occurred  in  the 
first hour after the end of the injection, while during  the second hour 
only a  relatively slight decrease took place; namely, to 1.13 per cent. 
In  every experiment  a  large percentage  of the injected  sugar-was 
not accounted for by the sugar present in the circulating blood, from 
74 to 91 per cent disappearing from the blood stream during the time 
of observation.  Another way of demonstrating  this  is by estimating 
the percentage of sugar which would have been present in the blood if 
all  the injected  sugar was still  there  and  comparing  this  figure with 
the  actual  findings,  taking  into  account  the volume of blood drawn 
and  of  fluid  injected.  Such  estimations  indicate  that  the  blood 
sugar content would be about 7.7 to 7.9 per  cent if all the sugar was 
in the circulating blood.  As a matter of fact the highest blood sugar 
values in all these experiments ranged  from  1.35  to 2.41 per cent, or 
an average of only 1.93 per cent.  It is thus evident that the greater 
part  of the  injected  sugar  left  the  blood rapidly,  in  fact before the 
end of the injection.  This disappearance of dextrose from the blood 
stream went on, then, entirely independently of the abdominal viscera. 
Hence neither  the  glycogenic activity  of  the  liver  nor  an  excessive 
consumption of sugar by or in any abdominal organ can account for 
the  greater  part  of  the  dextrose  which  so  rapidly  leaves  the  blood 
after intravenous infusion. 
Analysis  of Muscle for  Carbohydrates.--In a  few of  these experi- 
ments we analyzed skeletal muscles to determine whether sugar had 
been  stored  in  them.  Higher  carbohydrates,  as  well  as  dextrose 
were  estimated.  A  few preliminary  studies  convinced  us  that  the 
carbohydrate  content  of normal  muscle is  not  constant.  Therefore 
it  was  necessary  to  determine  in  each  experiment  the  amount  of 
dextrose and higher  carbohydrate present in  the muscles before and 
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In Experiments 55, 56,  and 57  the procedure was as follows:  One fore-leg 
was amputated before the injection of dextrose and immediately placed in the 
refrigerator.  At the end of the experiment the animal was killed, the other fore- 
leg removed and also placed in the refrigerator. The muscles were dissected off, 
put through the grinder twice, and extracted with water in the presence of toluene 
for about 18 hours in the refrigerator.  The fluids were then pressed out and the 
residue again extracted with water for about 2 hours.  All fluids obtained were 
immediately  boiled after adding a little acetic acid and filtered through glass wool. 
The residue, pressing cloth, etc., were thoroughly extracted  with boiling water. 
The combined fluids were then treated with phosphotungstic acid solution while 
boiling, filtered, neutralized with sodium hydroxide, acidified with acetic acid, 
and finally concentrated to a definite volume on the water bath.  Estimations 
of the  reducing power were made before and after  hydrolysis and the results 
expressed as dextrose.  Hydrolysis was effected by boiling under a reflux con- 
denser for 1½ hours in the presence of 1.8 per cent hydrochloric  acid. 
In all three experiments there was an increase in the total carbo- 
hydrates (i.e.,  the amount found after hydrolysis) after the injection. 
There was, however, some slight difference with regard to the behavior 
of the two types of carbohydrates.  In Experiments 55  and 56  the 
increase  in  dextrose  is  practically the  same  as  that  of  the  higher 
carbohydrates; namely, 0.10 per cent for dextrose and 0.09 per cent 
for higher  carbohydrates in  Experiment  55;  and  0.31  per  cent  for 
dextrose and 0.32 per cent for higher carbohydrates in Experiment 56. 
In both experiments the time was half an hour.  In Experiment 57, 
where the time was 1½ hours, there was an increase of 0.28 per cent 
in the dextrose and a  decrease of 0.17  per  cent in  the higher carbo- 
hydrates.  The  fact  that  the  higher  carbohydrates were  found  to 
be increased after 30  minutes and decreased after 90 minutes might 
indicate  that  the  higher  carbohydrates were  more  readily utilized 
than  the  lower ones,  or  that  dextrose  before being oxidized by the 
muscle  must  be  converted  into  a  polysaccharide.  Our  evidence, 
however,  comes from only three experiments, and  consequently we 
cannot attach much importance to it. 
Does this increase in the carbohydrate content of muscle account 
for all the injected dextrose which disappeared from the circulation.~ 
Consideration  of  the  following figures  will  show  that  we  are  not 
entitled  to  answer  this  in  the  affirmative.  If we  assume  that  the 
muscle  tissue  of the  dog  constitutes  approximately 43  per  cent of 524  DISAPPEARANCE  OF  DEXTROSE  FROM  THE  BLOOD 
the body weight, as in man, 34 and that half  the body is reached by the 
circulating  blood,  we  can  estimate  roughly  the increase in carbohy- 
drates  of  the  muscles.  Such calculations  show only comparatively 
small  percentages  of  the  injected  dextrose.  Thus  in  Experiment 
LD 55  the  amount  not  accounted  for is  reduced  from 91  to  82  per 
cent by taking the muscle carbohydrates into consideration; in Experi- 
ment LD 57  the  reduction is from 91 to 86 per cent;  and in  Experi- 
ment LD 56 it is somewhat greater, namely, from 81  to 49 per cent. 
From  this  it  seems evident that the anterior muscles in these experi- 
ments  did  not  contain  all  the  missing  sugar.  On  the  other  hand, 
it must be admitted  that  one cannot  draw definite conclusions from 
the  muscle  analyses,  for which  great  accuracy  cannot  be  claimed. 
Furthermore  it is possible that,  in  these  "anterior"  animals,  loss of 
dextrose may occur through  the tissue spaces into  the posterior part 
of the body, which we have not included in our estimations.  Finally 
we have not examined other tissues, e.g., the brain, lungs, spinal fluid, 
bone marrow, etc., where the carbohydrates might also have increased 
in amount. 
Thus, while we cannot  claim  that  the experiments  on the muscles 
in anterior animals throw definite light upon the fate of all the dextrose 
which disappears from the circulation after an intravenous injection, 
the fact remains that a notable increase in the carbohydrate content 
of the muscles was found. 
Experiments  with Intravenous Injections of Dextrose  into Whole Dead 
Animals. 
The  foregoing  experiments  brought up  the  question whether  this 
passage  of  sugar  from  the  blood into  the  tissues  is a  vital process; 
this led to a series of experiments in which dextrose was injected into 
dead animals. 
Method.--The dogs were prepared  as in the experiments in Tables I and III 
on normal and anterior animals, except that, under light  chloroform insu~atlon 
anesthesia, three or four ribs were resected on the left side in order to expose the 
U Vierordt,  H.,  Anatornische  physiologische und  physikalische Daten  und 
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heart.  Then full chloroform vapor was given until the heart stopped.  In some 
cases one fore-leg was then removed for analysis, all bleeding points being carefully 
ligated.  Continuing the artificial respiration and  massaging the heart by hand, 
we injected the  dextrose solution intravenously, much  more  quickly,  however, 
than  in the experiments upon living animals.  The rhythmic heart massage was 
continued for 5 or 10  minutes, and  blood samples were  taken  from  the  carotid 
while massaging the heart. 
The  following is  a  protocol of one  experiment. 
Experiment  LD 54.--Dog, male; weight 8 kilos. 
10.35.  Etherized.  Intratracheal insufflation begun and chloroform anesthesia 
produced by this method.  Cannulas were inserted in the left jugular vein and 
right  carotid artery.  The  thorax  was  opened  on the  left side,  four  ribs being 
resected and the heart exposed.  The left fore-leg was then amputated. 
12.08.  Left fore-leg placed in refrigerator. 
12.10.  Full chloroform vapor given. 
12.20.  The fibrillary twitchings of the heart have ceased. 
12.23-12.24.  Blood taken from the carotid artery, 23.03  gin., 0.23  per cent. 
12.30-12.32½.  160 co. of warm 20 per cent dextrose solution injected into left 
jugular vein, followed by 3  cc. 0.9  per cent sodium chloride.  Heart massaged 
during the injection. 
12.32t--12.36.  Massaging of heart continued. 
1.02-1.04.  Blood taken from carotid, 20.04 gm., 2.18 per cent. 
1.31-1.34.  Blood taken from carotid, 16.07  gm., 2.03  per cent. 
2.17-2.18.  Blood taken from carotid, 20.74 gin., 1.93 per cent. 
2.39.  Right fore-leg removed and put in refrigerator. 
Analysis of Muscle of Fore-Legs. 
Control muscle: 0.38  per cent before hydrolysis (dextrose). 
0.68  per cent after hydrolysis (total carbohydrates), 
or 0.30  per cent polysaccharides. 
Muscle after dextrose injection: 0.64  per  cent  before  hydrolysis  (dextrose). 
1.24  per cent  after hydrolysis (total  carbo- 
hydrates), 
or 0.60 per cent polysaccharides. 
Increase in total carbohydrates, 0.56 per cent. 
Summary.--Amount of dextrose injected, 32 gin.  iI hours after the end of the 
injection, the blood sugar  was  1.93,  or  1.70  per cent  above its original value. 
There was estimated to be about 636 co. of blood in the blood vessels at the time 
of taking the last blood sample. 
Increase in dextrose in blood (636  ×  1.70 per cent)  .... 10.8 gin. 
Dextrose removed in blood samples ..................  0.7  " 
Total excess dextrose in blood .......................  11.5  " 
or 36 per cent of amount injected. 526  DISAPPEARANCE  OF DEXTROSE  FROM  THE BLOOD 
Therefore 64 per cent not accounted for by blood. 
The amount of muscle was estimated to be 3,300 gin.; that is, 43 per cent 
of (8,000 gin. (body  weight)-340 gm. (amputated leg)  ). 
Increase in total carbohydrates  inmuscle (3,300 X 0.56 per cent) 18.5 gin. 
Total excess dextrose in blood  .............................  11.5 " 
Total dextrose  accounted  for by blood and muscle  .............  30.0  " 
or 94 per cent of the amount injected. 
Therefore, 6 per cent not accounted for. 
From  Table  IV,  which  summarizes  the  experiments upon  whole 
dead animals, it is seen that the blood sugar content never reached 
4.4  to  4.75  per  cent, which we  estimate would have been  the per- 
centage if  all  the  sugar injected had  remained in  the  blood.  The 
highest blood sugar percentage found was 3.85 per cent in the portal 
blood in Experiment LD 49; the lowest was 1.48 per cent (except the 
1.30 per cent of the same experiment, which is not absolutely reliable 
because of the method used in  obtaining this blood sample).  The 
irregularity in  the  figures of Experiment LD 49  is  due  to  the  fact 
that the various samples were taken from different parts of the cir- 
culation.  Although one cannot compute the total amount of sugar 
in the blood in the dead animal experiments with accuracy, it seemed 
desirable to obtain a  basis of comparison with the other series.  We 
therefore give  the  figures in  the  column,  "Dextrose not  accounted 
for by blood," estimating the blood at 7 per cent of the body weight 
and using the last blood sugar figure obtained (except in Experiment 
LD 49 in which the average was used).  It is thus seen that from 30 
to 71 per cent of the sugar injected was not present in the blood. 
In  four  of  these  experiments  muscle  taken before  and  after  the 
injections  was  analyzed,  and  the  increase  in  total  carbohydrates 
indicated  that  a  considerable  proportion  of  injected  sugar was  to 
be found in that tissue.  In Experiment LD 49  the dextrose content 
of the muscle rose from 0.54 to 0.88 per cent in 83 minutes, and the 
higher carbohydrates from 0.15  to 0.83  per  cent.  This increase in 
total  carbohydrates  of  the  muscle  ~5  accounted  for  practically  the 
entire 30 per cent of the injected sugar which was still unaccounted 
for by  the  blood.  A  similar result  occurred in  Experiment LD 54, 
The proportion of muscle in the body was assumed to be 43 per cent of the 
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as all but 6 per cent of the injected sugar was accounted for by the 
blood  and  muscle analyses together.  Here  the  rise in  muscle dex- 
trose was from 0.38 to 0.64 per cent, and in muscle polysaccharides 
from 0.30  to  0.60 per cent,  the time being about  2  hours.  In fact 
this result was the most striking of all, for here the muscle contained 
about  58  per  cent of the injected dextrose.  In Experiment LD 51 
the amount of sugar still unaccounted for after 42  minutes was re- 
duced  to  27  per  cent  by  the  muscle  carbohydrates,  the  dextrose 
increasing from 0.29 to 0.60 per cent, while the higher sugars increased 
but little; namely, from 0.14 to 0.21  per cent.  This was the shortest 
of the four experiments.  In Experiment LD 53  there was very little 
increase in the dextrose of the muscle, from 0.33 to 0.45 per cent, and 
none in the polysaccharide content.  As this was the longest experi- 
ment (2~ hours), bacterial activity might be thought of as  an  expla- 
nation of the finding of the smallest increase of carbohydrate in  the 
muscle.  The increase in  the polysaccharide content of the muscles 
in  three  of  the  four  experiments is  possibly  significant,  indicating 
perhaps a  condensation of dextrose, after death, within the muscles. 
Experiments  with Intravenous  Injections  of Dextrose into the Anterior 
Parts of Dead Animals. 
In Table  V  are given  the results  of four experiments upon  dead 
anterior animals.  These  experiments were  similar to  the preceding 
series except that, before causing the heart to stop beating, the aorta 
and vena cava were ligated near the diaphragm. 
In these experiments we again  find  high blood  sugar values, and 
again we may compare them with the values which we estimated would 
exist if all the injected sugar had remained within the blood vessels, 
making due allowance for fluid injected and for blood samples drawn. 
The calculations give from 7.3 to 7.9 per cent blood sugar.  It is seen 
that the percentages of sugar are actually much lower; namely, 2.24 
to 3.42 per cent, showing that a  good deal of the sugar injected into 
these dead  stumps left the circulation rapidly.  From  Experiments 
50 and 58 it would seem that this occurred most quickly in the first 
30  to 45  minutes and then proceeded more slowly. 
In three of the experiments the muscles were analyzed before and 
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dextrose after the  injection than before.  The percentage of muscle 
dextrose rose from 0.47  to  1.03,  from 0.44 to 0.74,  and from 0.52  to 
0.84 per cent, respectively.  The figures given in the last two columns 
of the table were obtained on the assumption that the injected sugar 
reached only half the body, and further that this half contained the 
same proportions  of blood and  muscle as  the whole body;  namely, 
7  and  43  per  cent, respectively.  The  first  of  these  two  columns 
shows that a  large proportion of the injected sugar had disappeared 
from the circulation.  In Experiment LD 47  about 55 per cent was 
estimated to have left the blood in  15 minutes.  In the other three 
experiments, each lasting about  70 minutes, the amount of sugar lost 
from the blood was about  58,  71,  and  73  per cent.  From the  last 
column  of  the  table  we  see  that  even when we  deduct  the  sugar 
found in  the muscle tissue  there is still from 30 to 56 per cent not 
accounted for.  In none of these experiments were we able to account 
for practically all the injected sugar by the muscle and  blood anal- 
yses, as in two of the experiments on the whole dead animals. 
The increase in  the higher carbohydrates of the muscle in  these 
experiments is  negligible.  In  Experiment LD 50  there  was  no  in- 
crease; in Experiment LD 58 the increase was from 0.39 to 0.42 per 
cent; and in Experiment LD 59 from 0.43  to 0.51  per cent.  These 
results are in contrast with those found on the entire dead animals 
(Table IV) in which there was a  considerable increase in the muscle 
polysaccharides in two experiments and a  small increase in another. 
This  difference may perhaps  be  brought  into  connection with  the 
observation made by Levene and Meyer;  3s namely, that the pulp or 
juices of various tissues of the dog are able to convert dextrose into 
a  higher carbohydrate if they are activated by spleen juice.  In the 
anterior  animal  such  a  mixture  of  the products  of  the  spleen  and 
tissues by means of an artificial circulation is excluded. 
DISCUSSION. 
Large amounts of dextrose were injected intravenously into normal 
dogs.  A variable proportion (an  average of about 60 per cent) was 
eliminated  by the  kidney during  the injection and  the 90 minutes 
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which followed.  By the end of this time the percentage of sugar in the 
blood had fallen to, or nearly to, the level found before the injection. 
Consequently  about 40 per  cent  of  the  injected  sugar  was not  ac- 
counted for by the blood and urine analyses.  When the same amount 
of  sugar  was  injected  into  nephrectomized  dogs,  the  blood  sugar, 
while  rising  somewhat  higher  in  the  course  of  the  experiment,  fell 
to its or~;ginal level as quickly as in the normal  animals.  Therefore 
nearly all the sugar had left the blood in the same length of time with- 
out the aid of the kidneys.  When dextrose was injected intravenously 
into  animals  which  had  practically  no  circulation  posterior  to  the 
diaphragm,  the blood sugar did not reach the height which it would 
have  attained  if  all  the  sugar  had  remained  in  the  blood  vessels. 
Since  the  dosage,  however,  was  based  on  the  weight  of  the  entire 
animal,  and  as these dogs had only about half their  circulation,  the 
dosage was really about twice as great as in the first two series.  For 
this  reason  an  exact  comparison  cannot  be made.  Nevertheless,  it 
was seen that  the blood sugar gradually fell and that  from 74 to 91 
per  cent  of  the  injected  sugar  had  left  the  circulation  during  the 
injection  and  the  after-period,  which  was  usually not  more  than  1 
hour.  Even in dead  animals  the  blood sugar  did not rise to nearly 
the  percentage  it  would have  reached  if the  injected  sugar  had  re- 
mained in the blood vessels.  Here, too, the percentage gradually fell, 
showing that from 30 to 71 per cent had left the blood without any 
vital forces taking part.  In the last series, the dead anterior animals, 
a similar result occurred; from 55 to 73 per cent of the injected sugar 
could not be accounted for by the blood. 
All  these  experiments  show  that  the  injected  sugar  disappeared 
quickly  from  the  circulation.  The  first  question  that  arises  is:  Is 
all  this  sugar  rapidly  burned  up  by  the  organism?  The  oxidation 
of carbohydrate in the animal body is usually tested by determining 
the  respiratory  quotient,  a  rapid  rise  of which  to  or near  to  unity 
being taken as an indication of sugar combustion.  This has not been 
done by us, but it is well known that after the ingestion or injection 
of dextrose into the normal animal a  rise in the respiratory quotient 
occurs.  There  is,  however,  no  reason  to  assume  that  a  nephrecto- 
mizad  animal  will  burn  dextrose  twice  as  fast  as  a  normal  animal. 
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results  of our  normal and  nephrectomized series  on  the  basis  of  a 
rapid combustion.  Tangl,  37 indeed, has found that after nephrectomy 
the gas exchange is diminished for 3½ to 4 hours, after which it begins 
to rise slowly.  It therefore seems that a nephrectomized animal does 
not have a  greater metabolism than a normal one during our experi- 
ments  and  probably  does  not  oxidize  more  sugar.  Another  argu- 
ment against rapid combustion is the disappearance of large amounts 
of  sugar  from  the  blood  of dead  animals.  Here  it  can hardly be 
a  question of increased metabolism. 
The  transformation of dextrose into  glycogen in  the liver is  un- 
doubtedly only a  small  factor in  the  disposal  of intravenously in- 
jected glucose.  This is evident from the work of Harley  18 and, more 
especially, of Freund and Popper34  The latter analyzed lobes of the 
liver before and after dextrose injection,  and,  when using a  dosage 
like  ours,  found no  increase in  the glycogen content.  Our  experi- 
ments upon anterior animals, in which dextrose disappeared from the 
blood stream when all the  abdominal viscera were cut off from the 
circulation, demonstrate clearly that  the glycogenic function of the 
liver is not of great significance in tracing the fate of intravenously 
injected dextrose. 
Undoubtedly one of the most important factors is the passage of the 
sugar into the surrounding soft tissues.  In two experiments upon the 
dead entire animal practically all the dextrose not found in the blood 
was accounted for by the increased amount of sugar in the muscles. 
In the other experiments upon dead whole animals and dead anterior 
animals, from  9  to  38  per cent was estimated to be present in the 
muscles,  and  in  three  living  anterior  animals  the  estimations  for 
muscle sugar  were  5,  9,  and  32  per  cent of  the  amount injected. 
Evidently, a  large and variable proportion of the injected dextrose 
simply  passes  through  the  capillaries  into  the  muscle  tissue.  No 
doubt,  the  same  process  occurs in  other  parts  of  the  body,  more 
especially in all  the soft tissues.  The rapid disappearance of sugar 
from the blood is therefore, to a large extent at least, not difficult to 
explain. 
However, the passage of dextrose into  the tissues is not the only 
cause for its disappearance, for even in the dead animal experiments 
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we could not account for all the injected sugar in any of the anterior 
experiments or in two of the four experiments upon the dead whole 
animal.  It  is  possible  that  some part  of the dextrose is converted 
into higher carbohydrates in certain  tissues.  In fact some evidence, 
presented  in  the  foregoing  pages,  indicates  that  this  does occur in 
the  muscles.  In  the  living  anterior  experiments  an increase  in  the 
higher  carbohydrates  of  muscle  occurred  in  two  out  of  the  three 
cases in which  the muscle  was  analyzed.  The  same result was ob- 
tained in the dead whole animals in three out of four tests, while in 
the  dead  anterior  animals  there  was little  or no  formation  of poly- 
saccharides.  Apparently  a  condensation  does occur in  the  muscles. 
But this does not account for any more of the sugar which has disap- 
peared from the blood because it has already been included in our esti- 
mations.  It may be that such a reaction occurs to the same  or  to  a 
greater extent in  other tissues and,  in that way, a  large part  of the 
missing  fraction would be accounted for. 
The fact that in the dead whole animal a considerable condensation 
to a higher carbohydrate occurred in the muscles, while in the anterior 
ones very little was evident, suggests that this reaction may be influ- 
enced by an intra-abdominal organ.  In  the living  anterior  animals, 
however,  a  similar  polymerization  was  found.  To  harmonize  this 
with the above suggestion  one  would  be  obliged to assume that  the 
almost  insignificant  amount  of  circulation  still  existing  posterior 
to the diaphragm in living anterior animals suffices to bring from the 
abdomen the substance required to aid in the condensation.  In the 
dead  anterior  animals  the  artificial  circulation  maintained  at  times 
by massaging the heart would not be enough to bring this about. 
As other investigators have suggested, it is possible that a  part of 
the injected dextrose is broken down to lower incompletely oxidized 
compounds.  It would  therefore not  be entirely  burned  and  at  the 
same time, it would not be found as dextrose.  We have no evidence 
to offer on this point. 
SUMMARY. 
1.  As has been found by other investigators,  when a  large amount 
of dextrose is injected intravenously into a  normal dog it disappears 
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injection.  Varying amounts  (an average of 60 per cent) are excreted 
in the urine. 
2.  Even  in  nephrectomized  animals  the  same  quantity will  leave 
the circulation in the same length of time as in normal animals. 
3.  This phenomenon  seems to be,  at least to a  great extent,  inde- 
pendent of vital processes, since dextrose, after intravenous  injection 
into dead animals, is found to leave the blood rapidly. 
4.  The  phenomenon  is  independent  of  the  important  abdominal 
organs,  for  it  also  occurs in  animals  (living  or  dead)  in  which  the 
aorta and inferior vena  cava have been ligated near  the diaphragm, 
thus abolishing most of the circulation posterior to the diaphragm. 
5.  The  fact  that  a  considerable  amount  of the  sugar  passes from 
the circulation into the surrounding tissues was established by finding 
an  increase  in  the  carbohydrates  of  the  muscle  tissue.  This  was 
done in the case of the living anterior  animals  and in the whole and 
anterior  dead  animals.  In  most  of  these  experiments  there  was 
also evidence of the formation of polysaccharides in the muscle tissue. 